Electrophoretic patterns of esterases and other soluble proteins from two isolates of Agrobacterium rhizogenes, three of A . tumefaciens, two of Corynebacterium faciens, eight of C. michiganense, three of Pseudomonas phaseolicola, two of Erwinia carotovora, and four of Xanthomonas fragariae were determined. Similar protein patterns were obtained for isolates representing a given bacterial species, with the exception of one isolate of A. tumefaciens which differed markedly from the other two isolates tested. All isolates possessed active esterases. None of the Corynebacterium isolates tested showed activity bands for dehydrogenases. Results demonstrated the applicability of the technique in differentiating between phytobacterial genera and between species of a given genus.
prepared according to the procedure of Davis (1964) and 5 m~-tris-48 m M glycine buffer, pH 8.3, was used in electrophoresis. The bacterial extracts in I M-Sucrose were placed on top of the stacking gels (2.5 yo) rather than in sample gels. The amount of extracts was adjusted to contain 200 pg. proteinlgel. Electrophoretic separation was performed at oo with a Beckman Constat power supply. Current at 3 mA/gel was applied until the dye marker band (bromophenol blue) reached the interface between the stacking and the separation gels, then raised to 5 mA/gel. The electrophoretic separation continued until the dye marker bank migrated about 35 to 40 mm. into the separation gel. Gels were removed from the glass tubes and stained either for soluble protein with I yo (w/v) Amido black in 7 % (v/v) acetic acid or for locating esterase activity by incubating gels in 0.1 M-phosphate buffer, pH 7.0, for 10 min. and then transferring them to a reaction mixture containing 0.03 g. Fast blue RR salt (stabilized diazonium salt) as the coupler, 0.5 ml. of I % (w/v) a-naphthyl acetate in 50 yo (v/v) acetone as the substrate, and 24.5 ml. distilled water. They were incubated at room temperature in the dark for periods of 5 to 30 min. depending on the enzymic activity. Controls were run in the above reaction mixture by replacing the substrate solution with 0.5 ml. of 50 yo acetone. Enzymic reaction was halted by immersing the gels in 7 yo acetic acid. Gels stained for soluble proteins were electrophoretically destained in 7 yo acetic acid at ambient temperature at 10 mA/gel. Because of differences in separation distances, the relative electrophoretic mobilities of bands were calculated from densitometric tracings made with a Canalco model D microdensitometer (Canal Industrial Corp., Rockville, Maryland, U.S.A.). Relative density of protein bands is shown by their relative widths, whereas enzymic activity is represented by different degrees of shading. Representative information for each genus and/or in some cases each species is presented. Tested bacterial isolates consistently gave characteristic patterns which were not influenced by culture growth phase (Fig. I) . These patterns were generally characteristic for each bacterial species, and similar for different isolates within a given species. The variations observed were very small and largely quantitative except in isolate A-10 of Agrobacterium tumefaciens which was apparently different from A-12 and A-13. All isolates of Corynebacterium michiganense had a characteristic strongly staining band close to the dye marker band. Isolates 10202 A and 10202 B differed, however, from the remaining isolates of the species in the presence of two very weak bands resolved at R, 0.515 and 0.965. Minor differences were observed among isolates of Xanthomonas fragariae and were confined to the resolution of a few very weak bands in two of the four isolates. These weak bands were not always resolved in different electrophoretic runs. Multiple forms of esterases were detected in all species tested (Fig. 2) . Taxon-specific patterns were evident with slight quantitative variations depicted by the relative shading of the bands of the zymograms. Isolates of Corynebacterium michiganense had a strong band at R, 0.79 which was comparable in intensity in all isolates. Other bands showed slight quantitative variations. Isolates A-1 2 and A-I 3 of Agrobacterium tumefaciens were identical while A-10 had a different esterase pattern. Both A-I2 and A-13 had a diffuse band at R, 0.39 and were different from the two isolates of A. rhizogenes. Isolates of Pseudomonas phaseolicola had the same esterase patterns with some minor variation in the density of bands. The two isolates of Erwinia carotovora K 1-31 and K 1-46 had identical activity at R, 0.50 while they differed quantitatively in the band at 0.88. All isolates of Xanthomonas fragariae showed almost identical quantitative patterns.
DISCUSSION
Close similarity between isolates within a species was demonstrated with all representatives of phytobacterial genera tested with the exception of isolate A-10 of Agrobacterium tumefaciens. This isolate has also been found to differ extensively from A-I2 and A-13 in pathogenic properties. This confirms the feasibility of differentiating A. tumefaciens from A. rhizogenes by this technique (Huisingh & Durbin, 1965 . It was also possible to separate Corynebacterium michiganense from C. faciens by their electrophoretic protein patterns.
Esterase patterns have been found to be a useful taxonomic criterion for differentiating among different groups of bacteria (Norris, 1964; Conn & Willox, 1965; Lund, 1965; Robinson, 1966; Morichi et al. 1968) . They were useful also with the strains studied, all of which had active esterases. The multiple nature of the enzyme was evident in all species. The taxon-specific patterns exhibited by isolates indicate their value as a diagnostic tool.
It is obvious that an esterase band occurring at R, 0'59 was resolved in extracts of Agrobacterium tumefaciens A-I2 and A-I3 and of Corynebacterium faciens CF2 and c-12974; however, they need not be structurally identical. Such identity may be tested by other chemical methods such as immunoelectrophoresis.
In view of the large number of protein bands resolved by Amido black staining, the determination of esterase patterns appears to be a faster and more useful differentiation criterion than the soluble protein patterns.
Preliminary tests for malate and glucose-6-phosphate dehydrogenases by the tetrazolium staining method (Gilbert & Goldsberg, 1966) revealed that all isolates of Corynebacterium michiganense and C. faciens lacked dehydrogenase activity while isolates of other genera possessed active malate and glucose-6-phosphate dehydrogenases. It has been reported that some corynebacteria are inhibited by tetrazolium salts (Lovrekovich & Klement, 1960) . Whether such inhibition is due to the effect of tetrazolium compounds on the bacterial dehydrogenases, or whether the absence of demonstrable activity is due to the unsuitability of the testing procedure is open to further studies.
Electrophoresisbacterial phytopathogens I53
The feasibility of using polyacrylamide gel electrophoretic protein and esterase patterns for taxonomic differentiation of phytopathogenic bacteria is demonstrated by this work.
